In this study, 7-O-kojic acid monopalmitate (7-O-KAP) was synthesized using palmitic acid and kojic acid where the yield and biological activities were analyzed. The highest yield of 7-O-KAP (43%) can be obtained at molar ratio of 1:1, enzyme loading of 5% (w/v), temperature of 70 • C, using immobilized lipase N435 in solvent-free system. Stirred tank reactor (STR) provides better mixing of the substrates and biocatalyst with better yield of 7-O-KAP, compared to fluidized tank reactor (FTR) and packed bed reactor (PBR). The 7-O-KAP exhibited pseudoplastic behavior with flow behavior index (n) being less than 1. The 7-O-KAP showed better depigmenting activity with the reduction of melanin content in Danio rerio embryo to 18.70%, significantly lower than the positive control, kojic acid (60.39%) at highest concentration tested (250 µg/mL). Intracellular tyrosinase in Danio rerio embryo was also reduced when treated with 7-O-KAP (12.53%), compared to kojic acid (37.36%) at concentration of 250 µg/mL. In FRAP assay, 7-O-KAP had antioxidant activity of 8156 AAE/mL, which was higher than kojic acid (6794 AAE/mL) at concentration of 2 mg/mL. The 7-O-KAP also reduced peroxidation activity to 12.21%, which was better compared to kojic acid (31.68%) at 2 mg/mL. Moreover, it was found that lipid peroxidation activity of 7-O-KAP (12.21%) was comparable to BHT (11.56%) at 2 mg/mL. Based on this study, 7-O-KAP could be an alternative compound for whitening agent and antioxidant compared to kojic acid and BHT, respectively.
Introduction
Kojic acid is an organic acid and a secondary metabolite, mostly biosynthesized by Aspergillus species [1, 2] . Kojic acid producing strains, A. flavus, can be improved by the monospore isolation and mutation methods to obtain a stable monokaryotic strain capable of producing a high amount of kojic acid [1] . In biosynthesis pathway of kojic acid, glucose was utilized and underwent multiple steps of conversion to gluconic acid lactone, 3-ketogluconic acid lactone, and 3-ketoglucose, before finally being converted to kojic acid. Until today, kojic acid is still being used as whitening agent in many cosmetic products, but it has low stability and can be difficult to be formulated in cream.
To overcome such limitations of kojic acid, its derivatives were created and synthesized. A number of writings have showed that kojic acid derivatives are best formulated in cream and and 2,4,6-Tri(2-pyridyl)-s-triazine, (TPTZ) were purchased from Sigma (St. Louis, MO, USA), and all chemicals used were analytic reagent grade. Kojic acid was biosynthesisysed using a locally isolated strain, as previously mentioned [2] .
Enzymatic Synthesis of KAD in STR
KAD was synthesized using immobilized lipase Novozyme (N435) in small scale 0.1 L STR. The configuration of the reactor was 5.2 cm (D t , tank diameter), 10.4 cm (H t , tank height), and 0.12 L (V t , total volume). The reactor was equipped with a magnetic bar (2.5 cm × 0.5 cm) on a magnetic stirring hotplate (RCT basic IKAMAG ® safety control) for agitation at 400 rpm. In this study, working liquid height (H l ), working volume (V w ), and ratio of D i /D t was 2.9 cm, 0.03 L, and 0.48, respectively. The scale of the working volume (V w ) to total volume (V t ) was 1:4. The by-product water from esterification process was removed using a vacuum pump connected to the reactor. The temperature within the reactor vessel was controlled by a heating coil, which was a stainless tubing with hot water pumped through into it by the water bath. The enzymatic esterification experiments using STR were carried out at various operating parameters, such as temperature (ranged from 50 • C to 90 • C) and molar ratio of acyl donor to kojic acid (1:1 to 3:1). The yields obtained from each run were also compared to other immobilized lipases from Rhizomucor miehei (RMIM) and Thermomyces lanuginosus (TLIM). The fatty acids were initially liquefied at 70 • C for 30 min prior to the addition of lipase (0.5 to 5%, w/v) into the reaction mixture. The performance of N435 reusability after second and third cycles was compared to the first cycle where two different washing solvents (MeCN and DMSO) were used.
Fluidized Tank Reactor (FTR)
The synthesis of KAD was also conducted in FTR by comparing its productivity using two different biocatalysts (RMIM and N435). A similar glass vessel used for STR was also used as FTR. However, the vessel was not agitated with impeller, but fluidized with air at a flow rate of 5 L/min to create sufficient mixing to suspend all immobilized lipase particles in reaction liquid, a mixture of palmitic acid and kojic acid. The temperature within the bioreactor was controlled at 70 • C. The esterification was started by adding the lipase to the reaction mixture, and the reaction was continued for 240 min. All experiments were performed in triplicate. During the reaction, sample aliquots (200 µL) were taken from the reaction mixture for every 30 min for analysis. The molar mass ratios of fatty acid to kojic acid in the mixture were fixed at 1:1.
Packed Bed Reactor (PBR)
In this system, esterification of fatty acid and kojic acid with MeCN were performed in a column (inner diameter = 1.0 cm, length = 35 cm) equipped with jacketed hot water. Prior to insertion of fatty acid and kojic acid into the column, the substrates at molar ratios of 1:1 were mixed in mixing container at 60 • C to obtain homogenous mixture, and fed from to the top of the reactor with pumps. Esterification was started by adding reaction mixture into the column, and 10 mL of aliquot was collected continuously. For identification purposes using GC, 200 µL from 10 mL aliquot was used. All experiments were performed in triplicate. Immobilized lipase RMIM and N435 were used as biocatalyst, and were packed into the middle of the reactor. The amounts of packed RMIM were 2.0, 4.0, and 6.0 g, which were equivalent to bed heights of 2.0, 4.0, and 6.0 cm, respectively.
Conversion and Analysis
The product was analyzed on a gas chromatograph (GC) (Agilent Technologies Inc, Wilmington, NC, USA) using a ZB-5HT Inferno non-polar column with length, internal diameter, and film thickness of 15 m, 0.53 mm, and 0.15 µm, respectively with nitrogen (N 2 ) as carrier gas. The oven initial temperature was maintained at 100 • C, before being increased to 225 • C at 15 • C min −1 , and to 280 • C at 30 • C min −1 for the holding time of 1 min. The injector temperature was set at 340 • C in splitless mode, and flame ionization detectors (FID) temperature was set at 350 • C. The product component Calculation for the conversion (%)
Conversion (%) = (C comp /mole of kojic acid) × dilution factor × 100 (2b)
where A comp = peak area for each component; A IS = peak area for internal standard; C IS = concentration for internal standard; D IS = detector response factor of internal standard; D RF std = detector response factor of standard; D RF ' = relative detector response factor; and C comp = concentration for each component.
Purification and Molecular Structure
The reaction mixture was purified using column chromatography with silica gel (60F 254 ) as its stationary phase and hexane/ethyl acetate (70:30, v/v) as its mobile phase. The eluents were collected at time interval and analyzed using GC. Single peak compound from GC analysis was further analyzed using GC-mass spectrometer (Perkin Elmer Clarus 600MS, PerkinElmer Inc., Waltham, MA, USA) for molecular weight identification. Then, 1D and 2D NMR analysis was carried out using Varian NMR Unity Inova 500 MHz (Varian Inc, Palo Alto, CA, USA) with Pulsed Field Gradient to obtain 1 H-NMR, 13 C-NMR, heteronuclear single-quantum correlation (HSQC) and heteronuclear multiple-bond correlation (HMBC) spectra.
Rheological Behaviour
The melt rheological properties of the reaction mixture were determined using a HAAKE™ MARS III Thermo Scientific Rheometer (Thermo Fisher Scientific Inc, Waltham, MA, USA). The measurements were performed in the rotational mode and 20 mm parallel cone-plate measuring geometry with the gap setting of about 0.5 mm. Each kind of rheological experiment was performed at its corresponding temperature and the temperature was controlled by a water bath connected to the peltier system in the bottom plate. An equilibration of 3 min was performed before each measurement. Shear stress-shear rate and viscosity-shear rate data were obtained at 70 • C and 90 • C on the samples of palmitic acid, mixture of palmitic acid and kojic acid, and purified KAD. The instrument was programmed for set temperature and equilibration, followed by one-cycle shear in which the shear rate was increased linearly from 50 to 1000 s −1 in 2 min. This process was repeated two more times for each sample. All measurements were carried out in a normal atmospheric conditions, and flow behavior of the reaction mixtures was determined using k and n utilizing the Power Law equation which the shear stress, τ, is given by
where:
K is the flow consistency index (SI units Pa·s n ), γ is the shear rate or the velocity gradient perpendicular to the plane of shear (SI unit s −1 ), and n is the flow behavior index (dimensionless) represents an apparent or effective viscosity as a function of the shear rate (SI unit Pa·s).
In the case where flow behavior (n) is less than 1 (shows non-Newtonian behavior), the apparent viscosity and consistency index of samples were calculated and compared, using non-Newtonian models (Herschel-Bulkley) where yield stress were to be considered. Herschel-Bulkley model
where τ is the shear stress (Pa), γ is the shear rate (s −1 ), τ o is yield stress (Pa), K is the flow consistency index (Pa·s n ), and n is the flow behavior index (dimensionless).
Cell Viability
McCoy's 5A containing 10% v/v FBS, 2 mM glutamine and 1% v/v penicillin/streptomycin (100 IU/50 µg/mL) in humidified atmosphere containing 5% CO 2 in air at 37 • C were used as culture condition for G361 cells. The KAD samples were prepared by being dissolved in 0.1% DMSO, and followed by the addition of the new medium. In MTT assay, 1 × 10 5 cells/well of G361 cells were seeded in a 96-well microtiter plate and wait overnight for the cell adhere to completely onto the plate. After 24 h incubation, the medium was removed and a new medium containing samples with concentration ranging from 62.5 to 500 µg/mL was added into the 96-well plate. After 48 h incubation, medium was removed and 50 µL of MTT solutions (1.0 mg/mL) was added to each well and the incubation continued for another 4 h. Then, formazon was solubilized in DMSO and was measured at absorbance of 450 nm.
Melanin Contents
Experimentation using Danio rerio embryo was performed according to the guidelines and approval given by local ethics community (UPM/IACUC/AUP No. R024/2014). Embryos were pretreated with 0.2 mM phenylthiourea (PTU) at 1 dpf (day-post fertilization) for 12 h, before the addition of fresh medium containing 100 µM α-MSH and KAD samples [10] . For the control, the same method was followed, but without the addition of samples. After 24 h incubation, the protein and melanin content was assayed and determined. The centrifuged pellet was dissolved in 1 mL of 1 M NaOH at 100 • C for 30 min and vortexed. The absorbance of the supernatant was calculated at 490 nm and the actual concentration of melanin was generated from the standard curve of known melanin concentrations (0-300 µg/mL). The melanin content was expressed as a percentage (%).
Tyrosinase Activity
The same method as in melanin assay was used for tyrosinase assay, except that after 24 h incubation, ten (10) zebrafish embryos were sonicated in cold lysis buffer made of 1% Triton X-100, 20 mM sodium phosphate at pH 6.8, 1 mM EDTA, 1 mM PMSF. The lysate was then centrifuged at 800 rpm for 5 min. Lysate with total protein of 250 µg was added in 100 µL of lysis buffer in 96-well plate. Then, 100 µL of L-DOPA (1 mM) was added and further incubated for 60 min at 37 • C. The absorbance was measured at 490 nm using the microplate reader where the final activity was expressed in percentage (%) [9] . KA was used as a positive control.
FRAP
In this assay, acetate buffer (300 mM, pH 3.6), 10 mM TPTZ and 20 mM FeCl 3 ·6H 2 O were mixed in a ratio of 10:1:1 to be a working FRAP reagent. Then, 10 µL of samples (0.125 to 2 mg/mL) were mixed with 250 µL of FRAP reagent and incubated at 37 • C for 10 min. The absorbance at 630 nm was monitored using an MR-96A microplate reader (Mindray, Shenzhen, China). Ascorbic acid was used as a positive control. All reagents were freshly prepared before used. The standard curve for FRAP assay was generated by using the ascorbic acid as a reducing agent. The antioxidant activity is expressed as the number of gram equivalents of ascorbic acid per mL [11] .
Lipid Peroxidation
The lipid solution was made of 10 mg/mL lecithin suspended in 0.01 M phosphate buffered saline at pH 7.4. The TCA-TBA-HCl solution was prepared with a mixture of 15 g of TCA, 0.37 g of TBA, and 2 mL of concentrated HCl in 100 mL distilled water. Then, 200 µL of lipid solution, 200 µL of 400 µM FeCl 3 , 200 µL of 400 µM ascorbic acid, and 200 µL of tested compound solution were mixed and incubated in a water bath at 37 • C in dark for 60 min, before the addition of 400 uL TCA-TBA-HCl solution. Then, the solution was heated at 100 • C for 15 min in a water bath and cooled down with ice. The pink solution formed was centrifuged at 3500 rpm for 10 min. The blank was made with 200 µL of distilled water substitution for 200 µL of sample. The absorbance of the supernatant was measured at 532 nm. Ascorbic acid, gallic acid and BHT were used as positive controls. The lipid peroxidation activity was calculated according to Equation (5) [12] . Activity (%) = (Absorbance of compounds/Absorbance of control) × 100% (5)
Statistics
Data were collected as mean ± standard error (S.E.M) of at least three determinations (n = 3). Statistical analysis was performed using GraphPad Prism 5.0. The evaluation of statistical significance was determined by ANOVA with Bonferrroni's Post Hoc test, where p values less than 0.05 (p < 0.05) were considered to be statistically significant.
Results

Bioreactors
Stirred Tank Reactor
In general, the conversion of KAD was increased with increasing reaction time using all biocatalysts. By using lipase from Rhizomucor miehei (RMIM), the conversion of KAD for 240 min reaction time at 70 • C, 80 • C, and 90 • C was 32%, 27%, and 18%, respectively (Figure 1a ). Bonferroni's Multiple Comparison Test shows that there is no significant difference conversion for 240 min reaction time at 70 • C and 80 • C but there is significant conversion of KAD at 70 • C and 90 • C. Very low yield of KAD was synthesized using lipase from Thermomyces lanuginosus (TLIM), which was less than 1% at all temperatures for 240 min reaction time (Figure 1b) . The conversion of KAD was 38% using lipase from Candida antarctica (N435) at reaction temperature of 80 • C, which was significantly higher compared to reaction temperature of 70 • C (18%), but less significant at 90 • C (32%) for 240 min reaction time (Figure 1c ). The conversion of KAD at 90 • C was initially higher for the first 90 min compared to reaction temperature of 80 • C, but gradually decreased until 240 min. Based on Figure 1 , it was found that highest conversion of KAD can be obtained using N435 at 80 • C. Figure 2 shows the effect of molar ratio on the conversion of KAD using N435. Bonferroni's Multiple Comparison Test shows that there was no significant difference between molar ratio of 3:1, 2:1, and 1:1. The effect of enzyme loading using N435 is illustrated in Figure 3 . It was shown that 5% enzyme loading gave 43% conversion of KAD, significantly higher compared to 1% (14%) and 0.5% (7%). The highest yield of KAD can be obtained at substrate molar ratio of 3:1, enzyme loading of 5% (w/v), and temperature of 80 • C, using immobilized lipase N435 in solvent-free system. In the study of lipase reusability in STR, the conversion of KAD after the second and third cycle using N435 with acetonitrile as washing solvent was maintained at 33%. However, the conversion of KAD when using DMSO as washing solvent was slightly low, which was 25% and 16% for second and third cycle, respectively ( 
Fluidized Tank Reactor and Packed Bed Reactor
The enzymatic esterification performance of KAD in FTR is illustrated Figure 5 . Overall, the conversion of KAD increased with increasing reaction time using N435 and RMIM. The conversion of KAD synthesized using N435 was 15%, slightly higher than those obtained using RMIM (13%) for reaction time of 240 min. The conversion of KAD in FTR was still lower than the one obtained in STR even after three cycles of lipase reusability. In PBR, the conversion of KAD at reaction temperature of 60 • C and 80 • C with substrate molar ratio of 1:1 using N435 and RMIM is shown in Table 1 . Some conversion of KAD was less influenced by lipase bed length of 2 to 4 cm. However, significant yield of KAD was noted at lipase bed length of 6 cm. A very low yield (less than 4%) of KAD was synthesized using N435 and RMIM in PBR, compared to FTR and STR. Temperature has less effect on yield of KAD synthesis regardless of lipase used. Time may have an important role in KAD synthesis, as the batch operating system showed a better yield compared to the continuous process. 
The enzymatic esterification performance of KAD in FTR is illustrated Figure 5 . Overall, the conversion of KAD increased with increasing reaction time using N435 and RMIM. The conversion of KAD synthesized using N435 was 15%, slightly higher than those obtained using RMIM (13%) for reaction time of 240 min. The conversion of KAD in FTR was still lower than the one obtained in STR even after three cycles of lipase reusability. In PBR, the conversion of KAD at reaction temperature of 60 °C and 80 °C with substrate molar ratio of 1:1 using N435 and RMIM is shown in Table 1 . Some conversion of KAD was less influenced by lipase bed length of 2 to 4 cm. However, significant yield of KAD was noted at lipase bed length of 6 cm. A very low yield (less than 4%) of KAD was synthesized using N435 and RMIM in PBR, compared to FTR and STR. Temperature has less effect on yield of KAD synthesis regardless of lipase used. Time may have an important role in KAD synthesis, as the batch operating system showed a better yield compared to the continuous process. 
Characterization of KAD
The highest yield KAD synthesized in STR using N435 was purified and used for further characterization, which later identified as 7-O-kojic acid monopalmitate (7-O-KAP). The molecular weight of 7-O-KAP was 380 m/z, as determined using GCMS. Chemical structure of 7-O-KAP was obtained via 1D-NMR and 2D-NMR (Figure 6 ). The 1D and 2D-NMR revealed the chemical structure of 7-O-KAP ( Table 2 ). The correlation between hydrogen atom and carbon atom in chemical structure of 7-O-KAP was confirmed using HSQC and HMBC. In the HSQC spectrum, the carbon atom value of 24 to 34 ppm were directly joined to its corresponding hydrogen atom value of 0.8 to 2.4 ppm. The carbon atom value of 24 to 34 ppm corresponds to CH 2 -CH 2 -CH 3 chain (C1' to C16'). On the other hand, carbon atom value of 61.1 ppm is directly joined to its corresponding hydrogen atom value of 4.93 ppm. The carbon value of 61.1 ppm corresponds to C7. The carbon atom value of 110 ppm (C3) directly joined to its corresponding hydrogen atom value of 6.61 ppm. The carbon atom value of 138.5 ppm (C6) directly joined to its corresponding hydrogen value of 7.85 ppm. In HMBC data, the spectrum shows neighboring carbon closely linked to the carbon atom, which is directly joined to its hydrogen atom. The hydrogen atom (value of 6.61 ppm) bind to C3 (110 ppm) near to C4 (165 ppm) and C5 (146 ppm). Meanwhile, hydrogen atom (7.85 ppm) bind to C6 (138.5 ppm) near to C2 (174.5 ppm), C4 (168) and C5 (146 ppm). It also shows that hydrogen atom (4.93 ppm) bind to C2 (61.13 ppm) near to C2 (172 ppm), C1' (163) and C3 (111 ppm). These data show that OH at C7 of kojic acid was enzymatically esterified with palmitic, which results in 7-O-kojic acid monopalmitate synthesis. 
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Rheological Behaviour
The rheological behavior of fatty acid and KAD are summarized in Table 3 . The smaller value of n indicates that the decline of viscosity with increasing shear rate is more rapid, which is the behavior of pseudoplasticity. The n values for palmitic acid were 0.877 and 0.853 measured at 70 • C and 90 • C, respectively. The flow behavior (n) was less than 1 even with the addition of fatty acid into kojic acid at molar ratio of 1:1 and 3:1. The viscosity of a suspension depends on several factors such as size of solid particles, particle size distribution, concentration, pressure, and temperature. In this study, the consistency index (K) for fatty acids decreased when the temperature increased. K, is a direct measure of viscosity at a given rate of shear. The larger the value of K, the greater the viscosity at a given shear rate. At temperatures of 70 • C and 90 • C, the K values for PA were 0.01821 and 0.01525 Pa·s n , respectively. The K value was significantly larger in the presence of kojic acid in the reaction mixture compared to the presence of fatty acid alone. The K values of mixture of kojic acid to palmitic acid at a ratio of 1:1 were 0.5586 Pa·s n , respectively. When the ratio of fatty acid to kojic acid was increased to a ratio of 3:1, the K values were decreased. The flow behavior index for purified KAD was less than 1, suggesting that it was also exhibited a pseudoplastic behavior. The yield stress τ o (Pa) of palmitic acid was smaller compared to the yield stress of the mixture of fatty acids and kojic acid. As the yield stress of fatty acids was small, there is a small difference between the consistency index, K, determined by the Herschel-Bulkley and Power law models. For instance, the K value determined by the Power law model for palmitic acid (at 90 • C) was 0.0152 Pa·s n where yield stress was equal to 0. This is compared to the K value determined by the Herschel-Bulkley model for palmitic acid, which was 0.0138 Pa·s n , where yield stress 0.2087 Pa is to be considered. On the other hand, the K value determined by the Power law model for palmitic acid to kojic acid mixture (ratio of 1:1) was 0.5586 Pa·s n . This is compared to the K value determined by the Herschel-Bulkley model, which was 0. 0.3476 Pa·s n where yield stress 5.9336 Pa is to be considered. The information of rheological properties gave an understanding in relation to the reaction mixture to its viscosity, mixing quality, and its effect on yield. For instance, the addition of fatty acids in the reaction mixture reduced viscosity of the reaction mixture (consistency index of ratio 1:1 (0.55) reduced to 0.03 at ratio of 3:1 (palmitic acid:kojic acid)). The present of yield stress showed that significant agitation speed required for better mixing quality.
Cell Viability
Cytotoxicity of kojic acid and 7-O-KAP are evaluated based on cell viability of G361 cells, and is shown in Figure 7 . At lowest concentration (62.5 µg/mL) of kojic acid and 7-O-KAP, the cell viability was above 80%. There was no significant reduction in cell viability after incubation of G361 cells with kojic acid and 7-O-KAP at concentration of 62.5 µg/mL to 250 µg/mL. However, the number of viable cells treated with 7-O-KAP was slightly lower (below 80%) at concentration of 500 and 1000 µg/mL. The non-toxic concentration of kojic acid and 7-O-KAP was used to evaluate the depigmenting effect. Based on ANOVA analysis using Bonferroni's Multiple Comparison Test, kojic acid and 7-O-KAP are not significantly difference. However, 7-O-KAP at 1000 µg/mL had significantly lower cell viability, as compared to control and kojic acid at low concentration (62.5 µg/mL and 125 µg/mL). The information of rheological properties gave an understanding in relation to the reaction mixture to its viscosity, mixing quality, and its effect on yield. For instance, the addition of fatty acids in the reaction mixture reduced viscosity of the reaction mixture (consistency index of ratio 1:1 (0.55) reduced to 0.03 at ratio of 3:1 (palmitic acid:kojic acid)). The present of yield stress showed that significant agitation speed required for better mixing quality.
Cytotoxicity of kojic acid and 7-O-KAP are evaluated based on cell viability of G361 cells, and is shown in Figure 7 . At lowest concentration (62.5 μg/mL) of kojic acid and 7-O-KAP, the cell viability was above 80%. There was no significant reduction in cell viability after incubation of G361 cells with kojic acid and 7-O-KAP at concentration of 62.5 μg/mL to 250 μg/mL. However, the number of viable cells treated with 7-O-KAP was slightly lower (below 80%) at concentration of 500 and 1000 μg/mL. The non-toxic concentration of kojic acid and 7-O-KAP was used to evaluate the depigmenting effect. Based on ANOVA analysis using Bonferroni's Multiple Comparison Test, kojic acid and 7-O-KAP are not significantly difference. However, 7-O-KAP at 1000 μg/mL had significantly lower cell viability, as compared to control and kojic acid at low concentration (62.5 μg/mL and 125 μg/mL). 
Depigmenting Activity
The inhibitory effect of α-MSH stimulated melanin formation in Danio rerio embryo treated with kojic acid and 7-O-KAP is summarized in Figure 8 . The inhibitory effect of kojic acid and 7-O-KAP was evaluated at 62.5 μg/mL, 125 μg/mL, and 250 μg/mL. The α-MSH stimulated melanin formation was significantly reduced when treated with 7-O-KAP (18.70 to 42.55%) at all concentrations tested compared to untreated control. The reduction of melanin formation in Danio embryo treated with 7-O-KAP (18.70%) was also significantly lower compared to the one treated with kojic acid (60.39%) at concentration of 250 μg/mL. Figure 9 describes the inhibitory effect of α-MSH stimulated tyrosinase activity in Danio rerio embryo treated with kojic acid and 7-O-KAP. The tyrosinase activity was significantly reduced when treated with kojic acid and 7-O-KAP at all concentrations tested (62.5 μg/mL to 250 μg/mL) compared to untreated control. There was slight difference of tyrosinase activity in Danio embryo when treated with kojic acid and 7-O-KAP. At the highest concentration 
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Antioxidant
Discussion
In the lipase-based esterification process, several factors greatly influenced and determined the yield of KAD, such as positional, substrate, and fatty acid specificity of an enzyme [13] . RMIM has different fatty acid specificities, and prefers saturated fatty acid as a substrate, while TLIM specificity for polyunsaturated fatty acid resulted in the increment of the ester and product conversion [14] . RMIM showed better fatty acid specificity to C12:0 (short saturated fatty acid) than C18:1, 18:2, 18:3, 20:4, 20:5, and 22:6, in which the fatty acid specificity pattern deceased with increasing number of carbon atom and double bond in the fatty acids chain [15] . In contrast, lipase from Candida antarctica was found to have fatty acid specificity to straight chain fatty acid with 10-18 carbon atoms. For instance, lower fatty acid such as hexanoic, octanoic, and unsaturated 9-cis octadecenoic acid, were found to be poor substrates for ethyl D-glucopyranoside esters [14, 16] .
Enzymatic synthesis of wax ester, adipate ester, hexyl laurate, pentyl octanoate, and ethyl butyrate have been conducted in STR using solvent and solvent-free system with significant high yield of up to 80% [6, [16] [17] [18] [19] [20] . The combination of supercritical fluid and molecular sieves can improve the yield of sugar esters up to 67% [18, 21] . In FTR and PBR systems, immobilized M. miehei lipase showed a better operational stability, higher yield, and better reusability performance than C. rugosa lipase after the successive batches of esterification [7, 19, 22] . In another study, kinetics in a fluidized system have a slightly better esterification profile (90.2% yields after 14 h) compared to a batch system [5] . Several esters such as amyl caprylate, ethyl cinnamate, and polyglycerol ester have been reported and synthesized in such reactors [7, 23, 24] .
Mechanical mixing was applied to increase the contact between the reactants (kojic acid and fatty acid) and lipase enzyme, resulting in an increase of the mass transfer rate and yield. The viscosity of the mixture containing kojic acid and fatty acid was significantly higher than the fatty acid liquid alone. A viscous mixture can lower the chance of contact between substrates and lipase, which can result in low yield. The rheological property of the reaction mixture might be one of the factors that determine the selection of the reactors. Several Newtonian-like mixture compounds, such as methyl ester and palm esters, were successfully synthesized in stirred tank reactors [24, 25] . For adipate ester and sugar ester synthesis, slightly high agitation speed (500-600 rpm) was need to achieved maximum yield, where it may have related to their mixing property and viscosity [25] . In the case of the synthesis of sucrose ester solutions, the changes in viscosity of sucrose ester solutions in dimethyl formamide (DMF) solvent were suggested due to basis of hydrogen-bond density, ester-ester/solvent-ester interactions, and mixed partial esters production [26] . The presence of yield stress (Pa) explain the reason that the synthesis of certain compounds required certain mixing or agitation speed to create significant mixing conditions, which lead to homogenization with significant increase in yield. The rheological behavior of KAD also provides some information on the characteristic of cosmetic formulation, and the right rheological properties for the different application may be needed. A new KAD can replace kojic acid and palmitic acid in formulation, but the subject of our current interest is whether this ingredient is adequate for formulation, or whether KAD has the desirable rheological characteristics for cosmetic product, or its effect on the product formulation.
Kojic acid has been used for many years as a depigmenting agent. However, the efficacy and penetration level of kojic acid into skin decreases when expose to extreme pH, temperature, and photon level, which lead to its degradation [27] . KAD had far better depigmenting activity compared to kojic acid. Improvement of KAD hydrophobic properties led to greater depigmenting activity and penetrability, as compared to hydrophilic nature of kojic acid [2] . Increases in absorption are also related to structure of the cell membrane which is made of a phospholipid bilayer [28] . A recent study showed that poly(carbonate-esters) and polyesters comprised of kojic acid were more stable [27] . The aliphatic lipophilic kojic acid dienols were significantly more efficient than kojic acid at inhibiting melanin synthesis in melanocytes [27] . The depigmenting activity may derive from the kojic acid part of the KAP molecule, but there are several factors that influence its activity than just comparing the amount of kojic acid part presence. Factors such as penetrability and hydrophobic-hydrophilic balance play significant roles in its activity [27, 29] . Cytotoxicity using MTT assay measures damage to mitochondrion, so penetrability of compound or molecules into the cell membrane may play some role to its cytotoxic effect. However, KAD synthesized in this study showed no significant cytotoxic effect as compared to kojic acid at low concentration. Moreover, kojic acid, which is polar, may have some difficulty in penetrating into the cells, compared to uncharged and hydrophobic molecules [28] .
KAD as a prospective anti-oxidant was also reported where the capability of KA-3,4-methylenedioxy cinnamic acid ester to inhibit lipid peroxidation in HaCaT keratinocytes is about 47% higher than tertbutylhydroperoxide, which was used as a positive control [30] . Several researchers have reported that saturated palmitic acid was more capable and effective at decreasing TBARS formation, compared to unsaturated palmitoleic acid-whereas, shorter chain length, such as capric and caprylic acids, did not show inhibition to lipid peroxidation [31] . Due to autoxidation, polyunsaturated fatty acids can give rise to hydroperoxides which involve an attack of oxygen at the allylic position [32] . In melanogenesis, superoxide anion was proposed to play a role in non-enyzmatic production of melanin. In this process, oxidation of L-dopa by oxygen molecules produces a dopa-semiquinone radical and superoxide. The dopa-semiquinone might be oxidized by superoxide, resulting in the formation of dopaquinone and hydrogen peroxide, respectively [33] .
Conclusions
In this study, STR could be the best approach for enzymatic synthesis of KAD compared to other reactor systems. The highest yield of KAD could be synthesized using N435 at 80 • C for 4 h duration. The rheological properties of substrates and KAD could be the reason that STR is the best option for the synthesis of KAD, compared to FTR and PBR. The use of N435 has advantages over other lipases tested at high reaction temperature of 80 • C. At low temperatures, the reaction mixture tends to become more viscous than at high temperature, which may influence that yield of KAD. The addition of fatty acid and optimum reaction temperature can reduce its viscosity and may probably reduce the shear effect. This may help in minimizing damage to lipase and preserve high catalytic activity even after several cycles. The immobilization support of N435 is more stable compared to RMIM that gave brown pigment to the reaction mixture. The 7-O-KAP showed better depigmenting activity by lowering tyrosinase activity and melanin content of Danio rerio's embryo. The improved melanin formation inhibition effect, and reduced tyrosinase activity of KAD compared to free kojic acid, was likely from the enhanced chemical stability of KAD, as well as increased permeability through cell membranes due to increased hydrophobicity. Therefore, 7-O-KAP showed to be a better depigmenting agent and it could be safer alternative compared to kojic acid. On the other hand, 7-O-KAP could also be safer option for antioxidant compared to BHT.
